A convergent and efficient total synthesis of sex Pheromones has been achieved. The synthesis exploits the Wittig reaction, hydrogenation and oxidation as key steps.
The citrus leafminer (CLM) is a moth of the Gracillariidae family, which is a small moth pest of citrus and potentially vulnerable. citrus leafminer (P. citrella) originally described in India from Calcutta (Stainton-1856) [1] . Damages caused by the citrus leaf miner include loss of photosynthetic capacity from mining, stunting, and malformation of leaves [2a] .CLM is an worst damaging pest of citrus plant in many continents (Heppner, 1993 [2b] , Argov and Rossler, 1996 [3], Prates et al. 1996 [4], Hoy and Nguyen, 1997 [5] ). CLM is detected in Brazil (Campinas), P. citrella, Caterpillar feeding the greenery of the citrus leaves and effect Photosynthesis, Thereby reduce the fruit yield.
Many insecticides registered for residential use do not effectively control citrus leafminer, because they have difficulty in reaching the larvae inside the mines. Frequently used broad spectrum insecticides such as malathion, carbaryl and pyrethroids are not recommended as they will kill beneficial insects. Insect pheromones play a major role in pest-control strategies and are considered to be potential tools in Integrated Pest Management (IPM), an ecofriendly and environmentally safe agricultural technique that is practiced worldwide. The response to the sex pheromone system is different, it depends on the populations of the P. citrella (Ando et al.1985) [6]. [7] detected and reported three active compounds from female pheromone glands extracts of P. citrella. The blend consists of (Z,Z,E)-7,11,13-hexadecatrienal [Z 7 Z 11 E 13 -16Aldehyde], (Z,Z)-7,11-hexadecadienal [Z 7 Z 11 -16Aldehyde] and Z-7 hexadecinal [Z 7 -16Aldehyde] in a 30:10:1 ratio, after various trials in different countries finally Lapointe et al. [8a, 8b] and Van Vang et al. (2008) [8c] showed that 3:1 binary mixtures of Z 7 Z 11 E 13 -16Aldehyde (1) and Z 7 Z 11 -16Aldehyde (2) were extremely attracting the male moths of P. citrella. The attraction measured in hundred numbers of male moths per trap per night. There are very few attempts to the identified Sex pheromones of the citrus leafminer in India. The Semiochemicals group at CSIR-IICT as a part of the ongoing work on the synthesis of pheromones [9] has successfully attempted the synthesis of both pheromone compounds 1 & 2 (Figure 1) . The indigenously prepared blend in 3:1 ratio has successfully evaluated The retro synthetic analysis delineated in Scheme 1 indicated that Z7,Z11,E13-16Aldehyde (1) and Z7,Z11-16Aldehyde (2) both could be synthesized from common intermediate 3 by utilizing Wittig reaction, the intermediate 3 which in turn could be prepared from commercially available 1,6-hexanediol (4).
Monobromination [10] of 1,6-hexanediol 4 carried out using hydrobromic acid in toluene has produced bromo alcohol 5, free hydroxyl group in bromo alcohol protected as its tetrahydropyranyl ether 6 [11] , which subsequently reacted with pent-4-yn-1-ol (7) has yielded coupled product 8 [12] .Triple bond in compound 9 has undergone cis-reduction [13] with sodium borohydride resulted alkene 9. Free hydroxyl group in 9 is substituted with iodo group to get 10 by reacting with iodine [14] in presence of triphenylphosphine and imidazole.
Compound 10 upon reaction with triphenylphosphine in presence of acetonitrile has produced Wittig salt 3, which upon reaction withtrans-2-pentenal11 and cis Wittig reagent [15] has yielded key pheromone component of Z 7 ,Z 11 -16-Aldehyde 2 (scheme 3). In summary, efficient practical total synthesis of sex pheromones of P. citrella Stainton Citrus Leaf miner (CLM), compound 1 and 2, has been elegantly with commonly available starting materials achieved.
Experimental
General: IR, Perkin-Elmer FT-IR spectrophotometer; NMR, Bruker Avance 300 MHz; MS, Micro mass VG-7070H for EI and VG Autospec M for FAB-MS; CC, silica gel (60-120 mesh) and neutral alumina; TLC using glass plates pre-coated with silica gel-60 F 254 (Merck). All reactions are carried out under an inert atmosphere.
6-Bromohexan-1-ol (5):
To the stirred solution of 1,6-hexanediol (4) (10 g, 84.74 mmol) dissolved in toluene was added 47% aqueous HBr (101.69 mmol, 11.68 mL) at room temperature and the mixture was refluxed using Dean Stark apparatus to facilitate the removal of water that get formed during the course of the reaction. Reflux the reaction mixture and continue the refluxing till no more water is formed/collected (~36 hours). Then, cool the contents to room temperature and quench with saturated sodium bicarbonate solution (100 mL). Extract the entire mixture with ethyl acetate (200 mL) and wash the combined extracts with water (20 mL) followed brine solution (20 mL). Dry the organic extract over anhydrous sodium sulfate and evaporate the solvent under reduced pressure and subject the crude to silica gel column chromatography to obtain 6-bromohexan-1-ol (20/80 v/v) 
2-((6-Bromohexyl)tetrahydro-2H-pyran (6):
To a stirred solution of compound 6 (10 g, 55.55 mmol) in CH 2 Cl 2 (100 mL), pTSA (catalytic amount, 200 mg) in dichloromethane (10 mL) at 0 o C under N 2 atmosphere was added drop wise 3,4-dihydro-2H-pyran (6.53 mL,72.22 mmol), and the solution was stirred at the same temperature for 2 h. To the solution were added successively a saturated aqueous solution of sodium bicarbonate (20 mL) and water (20 mL), and the aqueous layer was extracted with dichloromethane (100 mL).The organic layer was washed with brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. 
11-((Tetrahydro-2H-pyran-2-yl)oxy)undec-4-yn-1-ol (8):
Into a suitable flask fitted with an NH 3 condenser at -40°C, NH 3 (100 mL) was collected and to this was added a catalytic amount of Fe 2 (NO 3 ) 3 (20 mg) followed by Li (2.49 g, 357.14 mmol) over a period of 20 minutes. The contents were stirred for 30 min to form LiNH 2 . Then pent-4-yn-1-ol (10 g, 119.0 mmol) was added in THF (50 mL) followed by HMPA (5 mL) as co-solvent. The contents were stirred for 2 h and then compound 7 (28.85 g, 142.85 mmol) in THF (50 mL) was added. The mixture was stirred for 6 h and quenched with NH 4 Cl (5 g). The mixture was warmed to room temperature, for evaporation of NH 3 . The residue was dissolved in Et 2 O (100 mL) and the organic layer was separated and washed with brine (10 mL). The organic layer was concentrated under reduced pressure and the residue was subjected to column chromatography to give 8 (27g, 85%) as a colorless liquid; Rf= 0.6 (EtOAc-PE, 1:9 -2H-pyran-2-yl) oxy)undec-4-en-1-ol (9): To a stirred solution of Ni(OAc) 2 (15.69 g, 63.05 mmol) in dry MeOH (200 mL) at room temperature under an argon atmosphere, was added NaBH 4 (2.82 g, 74.62 mmol) portion wise. Following the addition, the argon atmosphere was replaced with hydrogen. To the black suspension was added ethylene diamine (1.5 mL), stirring was continued for 5 minutes and then a solution of 8 (10 g, 37.31 mmol) in dry MeOH (50 mL) was added. The reaction mixture was hydrogenated until the TLC analysis indicated total consumption of the starting material (2 h). The catalyst was filtered off through Celitepad, and the filtrate was diluted with diethyl ether and brine. The organic phase was separated and the aqueous phase extracted five times with diethyl ether, and the combined organic layer was washed with brine. Then, the aqueous phases were extracted with 2-((11-iodoundec-7-en-1-yl) 
11-((Tetrahydro

oxy)tetrahydro-2H-pyran (10):
To a 0 o C solution of alcohol (5 g, 18.518 mmol) and imidazole (3.77 g, 55.55 mmol.) in THF (50 mL), was sequentially added triphenylphosphine (7.27 g, 27.77 mmol.) and THF (20 mL). After 10 min, iodine (5.64 g, 22.22 mmol.) was added portion wise over 5 min followed by additional THF (20 mL). After 15 min, the reaction was concentrated in vacuo. The resulting slurry was then diluted with EtOAc (300 mL), and washed with sat. Na 2 S 2 O 3 (2 x 100 mL), sat. NaHCO 3 (2 x 100 mL), dried over Na 2 SO 4 and concentrated in vacuo. The resulting yellow solid was purified by flash chromatography (hexane/EtOAc) afforded (6.54 g, 93% yield) of 10 as a yellow oil.
(Z)-Iodotriphenyl(11-((tetrahydro-2H-Pyran-2-yl)oxy)undec-4-en-1-yl) phosphorane (3):
A solution of Ph 3 P (3.79 g; 14.46 mmol) and 10 (5 g; 13.15 mmol) in acetonitrile (75 mL) was refluxed for 48 hours then poured with vigorous stirring into 50 mL hexane, to produce a viscous oil. The mixture was stirred for 1 h, the solvent was replaced with fresh hexane (50 mL), and then stirred for an additional 1 h. The solvent was removed high vacuum, then used further purification (93% yield) of 3 as a yellow oil. 7Z,11Z,13E)-Hexadeca-7,11,13-trien-1-yloxy) tetrahydro-2H-pyran (12): Lithium hexamethyldisilazide (LiHMDS, 1.0 M in THF, 10.12 mL, 10.12 mmol) was added to a solution of dry HMPA (4 mL) in THF (12 mL) at 0 o C. The resulting mixture was stirred for 30 min, then cooled to -78 o C. A solution of (Z)-11-(tetrahydropyranyloxy)undec-4-enyl triphenylphosphonium iodide 3 (5 g, 7.78 mmol) in THF (20 mL) was added dropwise. After stirring 1 h, (E)-2-pentenal (0.98 mL, 10.12 mmol) in THF (2 mL) was added dropwise. The resulting mixture was stirred for 2 h, at -78 o C, then warmed to room temperature and stirred an additional 2 h. (7Z,11Z,13E)-Hexadeca-7,11,13-trien-1-ol (13): To a stirred solutions of compound 12 (1g, 3.125 mmol) in MeOH (20 mL), pTSA (catalytic amount, 200 mg) was added at 0°C and the mixture was stirred for 1 h at room temperature . The mixture was quenched with sat. aq NaHCO 3 solution (2 mL) and extracted with EtOAc (2 × 15 mL). The combined organic layers were washed with brine (50 mL), dried (Na 2 SO 4 ), and concentrated in vacuo. The crude residue was purified by column chromatography (EtOAc-PE, 1:9; Rf= 0.3); to afford 13 (0.66 g, 90% yield) as a colorless liquid. (m, 3H), 1.63-1.53 (m, 2H), 1.42-1.27 (m, 6H), 1.01 (dt, J=10.8, 7 .5 Hz, 3H) 13 Supplementary data: Experiential details and the characterization data associated with this article can be found in the online version.
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